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ABSTRACT

The United States Nuclear Regulatory Commission is currently assessing
the need to review the 41 older nuclear power plants referred to as the Systematic
Evaluation Program Phase Il (SEP-III) plants. Generic Safety Issue (GSI)
156-6.1 deals with whether the effects of pipe breaks inside containment have
been adequately addressed in these plants’ designs. To give a basis for the priori-
tization of this GSI, a research program was performed to evaluate the degree of
pipe protection in the SEP-II plants. This included a review of the earlier SEP-II
and the late SRP plants’ pipe break protection, visits to five plants to view pipe
break protection and locations of potential targets with respect to large piping,
and discussions with the plants’ staffs. First and second levels of concerns were
developed to identify potential pipe break locations, targets, and consequences.
The second-level list of concerns was used to develop a qualitative ranking on
whether each item in the list had a high, medium, or low consequence of affect-
ing the core damage frequency (CDF). Quantitative estimates were made of the
change in CDF for the sequences ranked high and medium based on existing
probabilistic risk assessment studies. Potential plant changes, both physical and
procedural, were identified that could reduce the increase in the CDF due to pipe
breaks inside containment. The costs of these potential changes were estimated.
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EXECUTIVE SUMMARY

In 1967, the Atomic Energy Commission (AEC) published the General
Design Criteria (GDC) for comment and interim use. Until 1972, the AEC staff’s
implementation of the GDC required consideration of postulated pipe break
effects inside containment; however, due to the lack of documented review
criteria, AEC staff review positions were continually evolving. Review
uniformity was finally developed with the issue of Regulatory Guide 1.46 in
1973. In 1975, after the AEC had reorganized into the Nuclear Regulatory
Commission (NRC), the NRC staff issued Standard Review Plan (SRP) sections
3.6.1 and 3.6.2 which stated the specific structural and environmental effects of
pipe whip, jet impingement, flooding, etc. on systems and components relied on
for safe reactor shutdown were considered.

The NRC is currently assessing the need to review the 41 older nuclear
power plant units referred to as the Systematic Evaluation Program Phase III
(SEP-III) plants that were licensed while the criteria were evolving. Generic
Safety Issue (GSI) 156-6.1 deals with whether the effects of pipe break inside
containment have been adequately addressed in these plants’ designs. The NRC
provided requirements to the industry regarding pipe breaks outside of
containment by issuing the “Giambusso” and “O’Leary” letters. Since these
requirements apply to all the affected plants, pipe breaks outside of containment
are considered a compliance issue and not part of GSI 156-6.1.

The NRC’s assessment involved an initial prioritization of the issue to
determine whether the risk involved was sufficiently high to warrant assigning it
as a Generic Safety Issue designated for 2 more detailed evaluation. The initial
prioritization considered the current status of the SEP-III plants with regard to.
pipe break probabilities, probabilistic risk assessments, pipe break effects on the
Core Damage Frequency (CDF) estimates, and the cost estimates for any
potential corrective actions. The NRC staff performed an initial “draft”
prioritization, but large uncertainties were recognized (for example, in the
probability of various types of pipe failures, in the probability of subsequent
safety-related system failures after pipe breaks, and in the cost estimates for any
potential improvements to reduce the CDF), making the prioritization
inappropriate for use. Therefore, the present effort seeks to enhance the existing
“draft” prioritization of GSI 156-6.1, reducing the uncertainties as much as
possible.

Pipe Break Frequency Estlmates

Several of the high-energy lmcs inside containments have apparently
experienced no degradation. However, some lines have experienced cracking or
wall thinning. In a few cases, significant leaks have occm'red, but no major
breaks that damaged critical equipment. ‘

Leak-before-break (LBB) technology was approved by an amendment to
GDC-4 of Appendix A to 10 CFR Part 50, and became effective in 1987.
Although the NRC has not approved LBB for any BWR plants, all PWR SEP-III
plants have LBB approved for their main coolant loops. Licensees may use LBB

xi NUREG/CR-6395



as justification for the removal of primary loop supports such as part of snubber
reduction programs, and the removal of pipe whip restraints and jet impingement
barriers. At least SEP-III plant has had LBB approved for its surge line.

The available data were reviewed to armrive at pipe break frequency
estimates. Most recent PRA reports base their failure frequencies on previous
PRAs, and the previous PRAs mainly use three basic older references:
WASH-1400, EPRI NP-438, and PLG-0500. A more recent study was included
in NUREG-1150, issued in 1990, which has had widespread review. The most
recent study is in NUREG/CR-5750, which considered piping history through
1997. It recommended frequencies about an order of magnitude below
WASH-400 and NUREG-1150. This study is very recent and has not received
widespread review. After a review of the failure estimates, it was decided to use
the NUREG-1150 frequencies and uncertainties for reactor coolant system.

Review Of Updated Final Safety Analysis Reports and
Related Safety Evaluation Reports

An important aspect of this research program was to obtain information
regarding the design efforts made by plant licensees to mitigate the effects of
postulated pipe breaks inside containment. Information was gathered for three
groups of plants: the SEP-II plants (the 10 earliest SEP plants), the SEP-I
plants, and selected non-SEP plants of more recent licensing vintage. Since the
SEP-II plants were subjected to 2 more recent (early 1980s) NRC evaluation of
inside-containment pipe-break design, any information regarding additional
analyses and/or plant modifications that might have been required would be
useful for comparison to what was done on the SEP-III plants. The more recently
licensed (non-SEP) plants were reviewed since their pipe break designs had been
evaluated by the NRC with uniform acceptance criteria in place.

The NRC’s Nuclear Document System (NUDOCS) was used as one of the
sources of information to complete this task. An important limitation is that
NUDOCS is relatively complete only for docketed material dating back to the
1979 or 1980 timeframe. It does not necessarily contain documentation dated
carly than 1980. Two UFSARs were reviewed, but contained very little
substance. The IPSAR NUREGs for SEP-II Topics IlI-4.C and III-5.A were also
reviewed. All of the SEP-II plants were required to perform some form of
engineering evaluation in order to satisfactorily address each topic and
demonstrate adequate safety to the NRC staff. A typical evaluation consisted of
(1) defining a pipe brcak location, (2) determining the consequences resulting
from pipe whip, jet spray, impingement, or other related pipe break effects, and
3) detcrmining if the plant operators could still bring the plant to a safe operating
condition usmg alternate systems, redundant systemns, or other means. As a result
of these pipe break effects reviews, two SEP-II plants were required to make
inspection changes, one plant was required to make Technical Speclﬁcatlon
changes, two plants were required to make procedural changes, and six SEP-II
plants were required to make physical modifications. Looking at the SEP-II
plants either as a group or separately as PWRs and BWRs, no common locations
or reasons for the modifications were determined. It appears that the resulting
modifications display little if any pattern. This reinforces the view that each plant
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has many unique design features and it is those unique aspects (e.g., plant layout,
arrangement and construction features of interior walls, the relative locations of
components, equipment, and structures, amount of system redundancy and
separation used in the design) of each plant that must be considered in pipe break
evaluations. :

Although all of the reviewed SEP-III plant UFSARs indicated that pipe
breaks were considered, the information presented regarding affected systems,
design provisions made to mitigate the effects of pipe break, and other more
detailed information was not located. In general, the most obvious conclusion
determined from review of the SEP-III plant UFSAR and SER information was
that the discussion of pipe-break effects inside containment continually increased
with later construction dates. Discussion of pipe break topics was notably absent
in information for the earlier plants, whereas the later plants provided much more
information regarding criteria, evaluations, multiple pipe breaks for multiple
systems, and system interactions with other adjacent safety-related equipment.

When taken as a whole, the UFSARs for the non-SEP plants contained
more extensive descriptions of the criteria used to designate high- and moderate-
energy piping systems, the analysis techniques used in their qualification, how
the postulated break locations were determined, and the plant design provisions
(e.g., pipe whip restraints, physical barriers, etc.) that were employed to mitigate
the effects of a pipe break event. In general, the most obvious conclusion
determined from all of the non-SEP plant reviews was that little changed between
the later-timeframe SEP-III plants and the non-SEP plants

Plant Visit Observations

Five plant visits were conducted to obtain information from direct
observation of the relative locations of representative high- and moderate-energy
piping systems, equipment important to plant safzty, and the measures taken to
mitigate the effects of pipe breaks. Walkdowns were made to perform qualitative
judgements regarding the general susceptibility of the SEP-III plants’ equipment
to damage resulting from pipe ruptures or jet impingement, and the observations
are presented below.

The Trojan Nuclear Power Plant is a four-loop PWR using a Westinghouse
nuclear steam supply system (NSSS). The plant entered commercial operation in
May 1976 (later-timeframe SEP-II PWR) and operated for approximately
15 years before being permanently closed by the licensce. The “plant was -
designed with a high degree of compartmentalization. This design approach
contributed to the physical separation of systems and equipment that help
mitigate the effects of a postulated pipe break in any one loop of the RCS or the
high-pressure piping connected to any loop. We observed a minimum of jet
impingement shielding of individual items (e.g., electrical boxes). This did not
seem unwarranted given the degree of physical separation, redundancy, and the
number of pipe supports. However, components were observed in the pressurizer
compartment that appeared susceptible to jet loads from pipe breaks in that part.
of the compartment. The electrical penetrations and the main steam and
feedwater piping for the “A” and “D” loops were routed in the same general area.
Few pipe whip restraints existed in this area. It appeared that the possibility
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existed for jet impingement loads and/or impact loads to occur on either some of
the electrical penetrations or the cable trays if a steam or feedwater pipe ruptured
in this area. The steam/feedwater lines to each loop were physically separated by
a concrete slab so that they could not impact each other. Further information
would be necessary to verify that sufficient separation and isolation of electrical
cables exists in the concentrated area of cabling near the penetrations. We
observed a2 minimal number of jet impingement shields. Given the licensee’s
stated approach of using whip restraints, barriers, and physical separation to
reduce the effects of 2 high-energy pipe break, this lack of jet impingement
shields may not be unusual.

The Browns Ferry Nuclear Power Plant, Unit 3, is a General Electric
BWR-4 design with a Mark I containment. The plant entered commercial
operation in March 1977 and operated for approximately 8 years before being
temporarily closed by the licensee. The plant was undergoing regulatory review
for an expected restart of commercial operation at the time of the visit. We
observed that this plant was designed with a minimum compartmentalization
inside the drywell. This is a generic design feature of the Mark I containment in
that the compactness of the drywell piping layout affords minimal space for
compartment walls. This results in many of the high-energy systems being close
to each other. Examples of large whip restraints were observed during the plant
walkdown. We observed that the minimal amount of physical separation and
compartmentalization allowed by the drywell physical volume constraints would
put more emphasis on the use of whip restraints, conservative design practices, or
other measures to mitigate the effects of a high-energy line break event. A
minimum of jet impingement shielding of individual items (e.g., electrical boxes
or cable trays) was observed. The CRD piping bundle had no physical barriers
scparating it from other high-energy piping systems in the general area. Our
review of plant drawings showed that the safety-related electrical penetrations
appeared to have a high degree of physical separation. Typically, these systems
are redundant with one “train” entering the drywell through a separate
penctration while the other train enters through a separate penetration located on
the other side (usually about 180° away) of the drywell shell. This layout should
help minimize the deleterious effects of a pipe break on safety-related electrical
system functions. '

The Quad Cities Nuclear Power Plant, Unit 2, is 2 General Electric BWR-3
design with a Mark I containment. The plant entered commercial operation in
April of 1972 (carly-timeframe SEP-IIl BWR). Like Brown’s Ferry, Unit 3, the
plant was designed with 2 minimum compartme  ..zation inside the drywell. A
minimum of jet impingement shielding of indivia-al items (e.g., electrical boxes
or cable trays) was observed. The CRD piping bundles had no physical barriers
separating them from other high-energy piping systems in the general area. Some
CRD bundles were located directly adjacent to RHR piping. The safety-related
clectrical penetrations were spaced around the circumference of the drywell. We
did not have sufficient information to determine whether the redundant trains had
been sufficiently physically separated.

NUREG/CR-6395 xiv



The H. B. Robinson Nuclear Power Plant, Unit 2, is a three-loop
carly-timeframe SEP-III PWR using a Westinghouse nuclear steam supply
system (NSSS). The containment is a prestressed concrete, large-dry design, with
the inside surface of the containment lined with steel plates. In the late 1960s,
Westinghouse asked the architect-engineer to ensure that the main steam piping, -
feedwater piping, and the reactor cooldnt system was restrained from pipe whip.
In the containment area outside the crane support wall, the main steam and
feedwater piping were far more restrained than these systems on the other PWR
we visited (Trojan). Unlike the Trojan plant, H.B. Robinson Unit 2 had no whip
restraints on the main steam and feedwater lines inside the crane wall near the
steam generators. However, there were no targets in the area. The plant was
designed with a high degree of compartmentalization. A minimum of jet
impingement shielding of individual items (e.g., electrical boxes) was observed.
This did not seem unwarranted given the degree of physical - separation,
redundancy, and the number of supports mentioned above. All balance-of-plant
piping (excluding the main steam and feedwater lines) and the electrical
penetrations entered the containment at approximately the same location, rather
than spaced around the containment circumference. This design makes it far
more likely that a high-energy line pipe break (or leak) at this location would
damage electrical and instrumentation lines.

The Vermont Yankee plant (BWR/4, Mark I steel contzinment) was
visited with an NRC/NRR staff member who was studying pipe break effects
associated with the reactor building closed cooling water (RBCCW) system. A
pipe break associated with the RBCCW system had previously been identified as
2 potential problem by the Millstone 1 BWR licensee. The portion of the
Vermont Yankee RBCCW piping outside containment was formerly classed as
safety related, but in recent years the licensee had no longer kept up that
* classification. There is a single check valve separating the safety-related and non- .
safety-related portions of the RBCCW inside containment, and 2 single motor-
operated valve separating the two portions outside containment. In the event of a
high energy line break within containment, pipe whip or jet impingement could
sever the RBCCW system. In the event of a single failure of one of the isolation
valves, pressure inside containment could rise to about 40 psi and force water
outside the containment through the RBCCW system. Since the RBCCW system
outside containment is not classified as safety related, this system could rupture,
resulting in a containment-to-atmosphere leak. Two bundles of the CRD piping
entered the containment on either side of the reactor. They were routed rather
directly from the containment wall to the reactor. The piping appeared well
supported. One recirculation line riser and the LPCI (RHR) line which connects
with it were in the vicinity of the CRD lines; however, because of the physical
separation distances, pipe whip or jet impingement damage to CRD lines from
the LPCI line appeared to be less likely than in the other two BWRs. Steel plates
with corrugated backing had been placed on the lower portions of the drywell
interior. In the areas toured, the lining appeared to be continuous; no portions
were observed to have been removed. .

List of Potential SEP-lll Concerns

The NSSS designs of nuclear power plants in the United States are
somewhat similar for the same classes of plants. However, each plant is unique in

/
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the overall layout of structures, systems, and components, and the relative
locations of other piping systems, their supports, and associated mechanical and
electrical equipment may be significantly different. For this reason, a detailed list
of potential concerns resulting from a postulated high-energy line break event
would necessarily be a plant-specific list. The only exclusion is for the large-bore
main reactor coolant loop piping in the PWR plants. Because of the acceptance of
the leak-before-break methodology, these lines will not be considered susceptible
to failure. Therefore, pipe whip effects were excluded from consideration, but jet
impingement effects from a leak were included. The evaluation of a pipe break
must begin with the assumed loss of function of the pipe line that broke. With the
exception of Nine Mile Point Unit 1, all of the BWR plants reported that pipe
whip restraints were installed on their recirculation piping. This obviously helps
to mitigate recirculation pipe break effects, but insufficient information did not
permit the assumption that the recirculation piping was adequately restrained and
satisfied the criteria contained in the SRP. Therefore, pipe breaks were assumed
to occur in the BWR recirculation piping systems.

Two PWR plants were visited to review the plant layout, the pipe break
and jet impingement protection, and the relative location of components to one
another. In addition to evaluating the pipe break protection for the specific plant,
we 2lso attempted to use the plant layouts to generalize possible break locations
and targets for other plants, for which we did not know the pipe break protection
history. We did not have access to the plant stress analyses, so we did not know
the Jocations of high stress or fatigue usage > 0.1 that would be used to identify
pipc break locations using today’s standards. In our brief tours inside
containment, we did not have the time to survey each high-energy line along its
entire route, noting the potential break points and targets, but rather we obtained
2 general overall view from several locations inside the containment. A number
of pipe whip restraints on high-energy lines were observed in both plants, but
there appeared to be only minimal, if any, jet impingement shields, although the
concrete walls serve this purpose. The two plants were designed by the same
NSSS vendor; nevertheless, we noted several major differences:

1. Although the reactor coolant systems and major branch piping within the
secondary shield (crane) wall were basically the same, the remainder of
the piping, particularly the branch piping between the crane wall and the
containment as well as the electrical and instrumentation routing, were
field run and quite different.

2. Onthe newer plant that -. s designed to RG 1.46, the electrical and piping
penctrations entered the containment in different quadrants. Some main
steam and feedwater lines were routed above the electrical penetration
area. However, in the older plant, the electrical and piping penetrations
‘were adjacent to one another at the same elevation.

3.  The smaller piping (for example, spray, letdown, surge, RHR, and
accumulator injection) on the newer plant designed to RG 1.46 had pipe
“whip restraints. The restraints on the older plant did not appear to be as
numerous., .
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4.  All main steam and feedwater lines on the newer plant were separated by
physical (concrete) barriers from the lines in other loops. There were pipe
whip restraints in the steam generator area. On the older plant the main
steam and feedwater lines had no restraints in the steam generator area.
However, at this level (an upper elevation in the plant), there did not
appear to be any targets for a pipe whip. The main steam and feedwater
piping on the older plant had closely spaced large whip restraints in the
area of the containment penetration and were strapped to the crane wall
along the route from the containment penetration to the steam generators.

Three BWR plants were visited to review the plant layout, the pipe break
and jet impingement protection, and the relative locationi of components to one
another. One of the plants was 2 newer BWR (BWR/4), which is similar to
SEP-IIT BWRs. Although it is not considered to be one of the SEP-III plants, the
other two units at this site are SEP-III plants. All three plants share a single
USFAR, licensing SER, and numerous (but not all) other SERs. The other two
plants were older SEP-IIIl BWRs (BWR/3), for which the documentation on pipe
whip and jet impingement was limited. A number of pipe whip restraints were
observed on the recirculation lines of these plants, but there appeared to be only
minimal, if any, jet impingement shields, other than covers over the vent
openings to the torus. The main steam and feedwater lines were not restrained in
the upper cylindrical portion of the drywell. The plants had energy-absorbing
pads attached to sections on the interior of the spherical portion of the drywell.
However, the designs of the pads and the areas covered were not the same for the
plants. In contrast to the PWR plants, the BWR plants had minimal
compartmentalization. Although the two plants were designed by the same NSSS
vendor, General Electric, we noted several major differences:

1.  Most of the major piping systems (for example, the recirculation, main
steam, and feedwater) are basically the same; however, the remainder of
the piping and the electrical and instrumentation routing were field run and
quite different.

2. On the newer plant, the electrical and instrumentation lines for different
trains entered the containment in different quadrants 180 degrees apart. -
However, in one of the older plants, it appeared that no attention had been
given to scparating the different trains. )

3.  The main steam and feedwater lines on the newer plant had pipe whip
restraints added in the contzinment penetration area. Such restraints were
not present on the older plants.

Ranking And Quantification of SEP-lll Plant Pipe
Breaks Inside Containment

The pipe break events were ranked such that only the most significant

need to be considered in detail. The significant events were then quantified in
" more detail to provide quantitative estimates of the change in CDF resulting from
such events. The quantification was performed conservatively, using the worst
possible effects of the pipe break based on a general knowledge of the SEP-III
plant layouts. In many cases, a pipe break scenario may not be possible at a
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specific SEP-III plant because of its physical layout and pipe restraints. The -
results are presented in the tables below.

Cost Analysis

Various changes in plant hardware and procedures have been proposed
‘that could reduce the potential for, or mitigate the consequences of, pipe break.
Some of these changes were required for SEP-II plants, some have been used to
mitigate fatigue cracking such as in PWR feedwater nozzles and surge lines,
while others have been applied to BWRs to reduce the break potential from
IGSCC. Cost estimates for the following list of corrective actions that could
reduce the pipe break probabilities of LWR piping were developed: plant design
changes, protective hardware, preventive hardware, operating/procedure changes,
additional testing and ISI, and additional analysis. The recommended corrective
actions for this issue would be in the protective hardware and test/ISI categories.

Our experience in GSI 156-6.1 has shown that a great deal of the balance-
of-plant piping, as well as the electrical and hydraulic instrument and control
lines, are field routed in both BWRs and PWRs. Consequently, the best and
possibly only way to determine the proximities of high-energy lines and their
potential targets in the event of a line break are by in-plant walkdowns. This is
consistent with the SEP-II plant corrective actions, in that those actions were
very plant-specific, indicating that a generic plan to cover all SEP-III plants
without evaluating them individually is impractical. Accordingly, a cost estimate
was developed for such walkdowns.

Table E-1. Quantification of dominant BWR pipe-break events inside containment.
' Change in CDF Resulting from Pipe Break Event

Mean
Pipe Break—Affected  Frequency Error 5™ Percentile  Median  95® Percentile
System(s) (events/rx-yr) Factor® (events/rx-yr) (events/rx-yr) (events/mx-yr)

1. MSorFwW— 2.0E-6 135 4.2E-8 S7E-T 17E6
Containmentshelland  (2.0E-6)® (13.6)  (3.9E-8. (5.6E-7) (7.6E-6)
safety systems entering )
containment

5. Recirculation—CRD 5.0E-6 14.1 9.8E-8 1.4E-6 1.9E-5

, bundle(s) (SO0E-6) (143) (8.9E-8) (1.4E-6) (2.0E-5)

9. Recirculation— 4.0E-6 136 8.4E-8 1L.1E$6 1.5E-5
Containment shelland  (4.0E-6) (11.8)  (8.3E-§) (1.1E-6) (1.3E-5)
safety systems entering
containment

10. RHR—CRD bundle(s) 2.5E-6 115 7.3E-8 8.3E-7 9.6E-6

(2.5E-6) (112)  (7.3E-8, (8.2E-7) (9.2E-6)

12. RHR—Containment 4.0E-7 19.8 3.9E-9 7.7E-8 1.5E-6
shell and safety systems (4.0E-7) (17.7)  (3.9E-9) (7.9E-8) (1.4E-6)
entering containment® .

14. HELB—Containment 3.8E-5 113 1.1E-6 1.3E-5 14E4
instrumentation and (3.8E-5) (10.8) (1.0E-6) (1.2E-5) (1.3E4)
control -

16. HELB—RBCCW*® 2.0E-8 16.8 2.7E-10 46E9 7.TE-8

(2.0E-8) (16.7) (2.6E-10) - (4.3E-9) (7.2E-8)

8.  Error factor = 95th percentile/median

Numbers in parentheses are from SAPPHIRE runs.

c.  This event is preseated because its containment failure impact is high, even though the core damage
frequency impact ranking is low.

e
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Table E-2. Quantification of dominant PWR pipe-break events inside containment.
Change in CDF Resulting from Pipe Break Event

Mean 5
Pipe Break—Affected Frequency Error  Percentile Median  95™ Percentile
System(s) (events/rx-yr) Factor® (events/rx-yr) (events/rx-yr} (events/rx-yr)
9. HELB—Containment 7.5E-5 122 19E6 2.4E-5 2.9E4
"instrumentation and (7.5E-5)° (12.3) (1.8E-6) (2.2E-5) (2.7E-4)
control
16. MS or FW—Containment 1.4E-9 150  2.0E-11 3.7E-10 6.0E-9
shell in free-standing (1.4E-9) (12.1) (4.6E-11)  (4.3E-10) (5.2E-9)
containment*
17. MS or FW—CCW* 1.0E-7 168 14E9 23E-8 3.9E-7

- (1.OE-7) (15.5) (1.3E-9) (2.2E-8) (3.4E-7)

2. Error factor = 95th percentile/median
b. Numbers in parentheses are from SAPPHIRE runs

¢. This event is presented because its containment failure impact is high, even though the core damage frequency
impact ranking is low. )

Conclusions
The general conclusions reached in this program are:

1. No BWR SEP-NII piants have leak-before-break (LBB) approval; all
SEP-IIl PWR plants have LBB approval for their reactor coolant
systems. One SEP-III plant has LBB approval for its surge line.

2.  There have been few through-wall leaks of LWR large high-pressure
piping inside containment. Therefore, the failure rates have a large
uncertainty. There are no models which have been produced that are
sophisticated enough to estimate variances in pipe break frequencies
for different LWR materials, fabrication methods, repair methods, or
stress improvement methods.

3.  Most pipe break frequency estimates can be traced back to the same
references, many of which are fairly old. The break frequencies in
NUREG-1150.(1990), which has undergone fairly extensive reviews,
were used for this study. -

4, Only a small number of inspection, procedural, and physical
modifications were required by the NRC for SEP-H plants. The
average was slightly more than two changes per plant. No common
locations or documented reasons for the modifications were
determined. '

5.  Early SEP-II plants had pipe break protection and evaluations

similar to SEP-II plants. Mid-timeframe SEP-III plants had more
emphasis placed on their pipe break protection.
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Later-timeframe SEP-III plants considered inside-containment pipe-
break effects in a fashion similar to current criteria. All of these
plants indicated that their evaluation of pipe breaks met the intent or
satisfied RG 1.46. The inside-containment pipe-break protection in -
these plants appears to be the same as for SRP plants.

Our observations of two PWR and three BWR plants showed that
while the RCS or PCS of these plants are all similar, the branch
piping and electrical-conduits are field routed in different manners,
leading us to the conclusion that the field routing probably makes
each plant unique in terms of the proximity of pipe breaks and
potential targets.

The main physical barriers for pipe break protection are whip
restraints, jet impingement shields, containment liners, and concrete
walls (PWRs only). E

The physical separation of components is much greater in PWRs
than in the Mark ] BWRs. :

Based on all the possible field routing situations, we developed 2 list
of potential concerns based on the systems that we observed in the
plants that were visited.

Six BWR [breach of contzinment shell (from MS/FW, RHR, or
recirculation piping), damage to CRD lines (from recirculation or
RHR piping), damage to safety-related instrument and control
systems (from any HELB)] and two PWR [damage to safety-related
instrument and control systems (from any HELB) and breach of
containment shell (from MW/FW piping)] sequences were ranked
medium or high with regard to potential increase in CDF.

The CDF mean frequency changes for the BWR sequences ranked
high or medium were on the order of 10™ to 10 events/rx-yr. The
CDF mean frequency change for the two PWR events was on the
order of 10 events/rx-yr for one and 10 events/rx-yr for the other.

For loss of contzinment integrity caused by rupture of the PWR
CCW and the BWR RBCCW systems initiated by a pipe break inside
containment, with valve failure of a single isolation valve, the mean
frequency was estimated to be on the order of 10 events/rx-yr.

A number of corrective actions are available to reduce the risk.
Protective hardware and increased ISI are the recommended choices.
In some cases, rerouting of electrical/pneumatic lines may be the best
alternative.

We found that since the field routing of most of the lines is plant-
specific, any corrective actions must also be plant-specific. This is
consistent with the corrective actions for the SEP-II plants, for which
the changes imposed by the NRC varied from plant-to-plant.
Therefore, a plant-by-plant walkdown is recommend to decide what,
if any, corrective actions are needed for each plant.
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Enhanced Prioritization of Generic Safety
Issue 156-6.1 Pipe Break Effects on Systems and
Components Inside Containment (Draft)

1. INTRODUCTION

The U. S. Nuclear Regulatory Commission
(NRC) is currently assessing the need to review
the 41 older nuclear power plant units referred to
as the Systematic Evaluation Program Phase III
(SEP-III) plants. -Generic Safety Issue (GSI)
'156-6.1 (R. Emrit, et al,, 1993) deals with
whether the effects of pipe break inside con-
tainment have been adequately addressed in

these plants’ designs. The NRC originally evalu-

ated 2 majority of the SEP-II plants before they
issued Regulatory Guide (RG) 1.46 in May 1973
(AEC, 1973b). Although the NRC reviewed
these plants, there is a potential lack of uniform-
ity in those reviews due to the absence of docu-
mented acceptance criteria. The NRC is now
attempting to assess the impact of not having
such criteria in place. The SEP-III plants are:

Nine Mile Point 1 Vermont Yankee
Robinson 2 Maine Yankee
Point Beach 1 & 2 Kewaunee
Monticello Fort Calhoun
Dresden 3 Zionl1 &2
Pilgrim Browns Ferry 1 & 2
Quad Cities 1 & 2 Indian Point 2 & 3
Surry 1& 2 Peach Bottom 2 & 3
Turkey Point3 &4  Prairic Island 1 &2
Oconee 1,2, &3 ° Duane Amold
Cooper Alflcansas 1
_Calvert Cliffs 1 D.C.Cook 1
Hatch 1 FitzPatrick
Three MileIsland1  Brunswick 2
Trojan Millstone 2.

The NRC'’s assessment involved an initial
prioritization of the issue to determine whether
the risk involved was sufficiently high to war- .
rant assigning it as 2 Generic Safety Issue desig-
nated for a more detailed evaluation. The initial
prioritization considered the current status of the
SEP-III plants with regard to pipe break prob-
abilities, probabilistic risk assessments, pipe

_ break effects on the Core Damage Frequency

(CDF) estimates, and the cost estimates for any
potential corrective actions. The NRC staff per-
formed an initial “draft” prioritization, but large
uncertainties were recognized (for example, in
the probability of various types of pipe failures,
in the probability of subsequent safety-related
system failures after pipe breaks, and in the cost
estimates for any potential improvements to
reduce the CDF), making the prioritization inap-
propriate for use. Therefore, the present effort
seeks to enhance the existing “draft” prioritiza-
tion of GSI 156-6.1, reducing the uncertainties
as much as possible. A significant effort in gath-
ering additional information was required to
enhance the prioritization. :

1.1 Background

In 1967, the Atomic Energy Commission
(AEC) published the General Design Criteria
(GDC) for comment and interim use. Until 1972,
the AEC staff’s implementation of the GDC
required consideration of postulated pipe break
effects inside containment; however, due to the
lack of documented review criteria, AEC staff
review positions were continually evolving.

Review uniformity was finally developed in
the early 1970s initiated by an internal NRC
communication from L. Rodgers to R. Fraley,
“Safety Guides,” dated November 9, 1972. In

" this letter, the NRC proposed & Draft Safety

Guide entitled “Protection Against Pipe Whip
Inside Containment”, This draft contained one of
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Introduction

the first documentations of deterministic criteria
that the AEC staff had been using for several
years (to varying degrees) as guidelines for
selecting the locations and orientations of pos-
tulated pipe breaks inside containment, and for
identifying the measures that should be taken to
protect safety-related systems and equipment
from the dynamic effects of such breaks. Before
they used these deterministic critenia, the staff
used nondeterministic guidelines on a plant-
specific basis. This Draft Safety Guide was
subsequently revised and issued in May 1973 as
RG 1.46 with the same title (AEC, 1973b). The
AEC implemented the RG only on a forward-fit.
basis.

Regarding pipe break effects outside con-
tainment: in December 1972 and in January
through July 1973, the AEC issued two generic
letters (Giambusso, 1972 and O’Leary, 1973) to
all licensees and Construction Permit (CP) or
Operating License (OL) applicants; these are
known as the “Giambusso” and “O’Leary”
letters, respectively. These letters extended the
pipe break concerns to outside containment, and
provided deterministic criteria for break
postulation and evaluation of the dynamic
effects of postulated breaks. The letters
requested that all recipients submit a report to
the staff that summarized each plant-specific
analysis of this issue. All operating reactor
licensees and license applicants submitted the
requested analyses in separate correspondence or
updated the safety analysis report for the
proposed plant to include the analysis. In
November 1975, after the AEC had reorganized
into the Nuclear Regulatory Commission, the
NRC staff issued Standard Review Plan (SRP)
sections 3.6.1 and 3.62 (NRC 1975) that
slightly revised the two generic letters discussed
above. Thus, after 1975, the specific structural
and environmental effects of pipe whip, jet
impingement, flooding, etc. on systems and
components relicd on for safe reactor shutdown
“were considered.

The NRC has provided requirements to the
industry regarding pipe breaks outside ‘of con-
tainment by issuing the above-mentioned
“Giambusso” and “O’Leary” letters. Since these
requirements apply to all the affected plants,

NUREG/CR-6395

pipe breaks outside containment are considered
a compliance issue. Therefore, the concern of
pipe breaks outside containment for the 41 SEP-
1II units is not considered a part of this issue;
only pipe breaks inside containment will be
considered.

As part of its plant-specific review between
1975 and 1981, the NRC staff used the guide-
lines in RG 1.46 for postulated pipe breaks
inside containment and SRP sections 3.6.1 and
3.6.2 for evaluating postulated pipe breaks out-
side containment. In July 1981, the NRC revised
SRP sections 3.6.1 and 3.6.2 (NRC 1981) to be
applicable to both outside and inside contain-
ment, eliminating the need for further use of
RG 1.46. Finally, in June 1987, the NRC
eliminated all dynamic and environmental
effects resulting from arbitrary intermediate pipe
ruptures. This was accomplished through
Generic Letter 87-11 (USNRC 1987a).

Between 1977 and 1987, the NRC System-
atic Evaluation Program (SEP) revisited the
issue of pipe breaks inside and outside contain-
ment. The objective of the SEP was to determine
to what extent the earlier ten plants (i.e., SEP-II)
met the licensing criteria in existence at that

time. These ten plants included:
Palisades R. E. Ginna
Oyster Creek Dresden 2

. Millstone 1 Yankee Rowe
Haddam Neck LaCrosse
Big Rock Point SONGS 1

This objective was later interpreted to ensure
that thc SEP also provided safety assessments
adequate for conversion of provisional operating
licenses (POLs) to full-term operating licenses
(FTOLs). As a result of thesc pipe break
reviews, the plants were required to perform
engineering evaluations, technical specification
or procedural changes, and physical modifica-
tions both inside and outside containment.
Regarding inside containment modifications: of
the two SEP-II plants evaluated during the
development of the “draft” prioritization (one
BWR and one PWR), the BWR was required to



complete installation of a radiation monitoring
system and the PWR was required to perform
augmented inservice inspection (ISI) and modify
steam generator blowdown piping supports. This
indicates that there was some variation of
implementation associated with the original
NRC reviews of these early plants for protection
against the effects of pipe breaks inside and
outside containment.

The environment created by pipe breaks can
have a substantial effect on safety-related elec-
trical equipment. For this reason, the degree to
which this electrical equipment has been envi-
ronmentally qualified can affect the overall
~ impact on safety of postulated pipe breaks. As
with the above-described evolution of uniform
pipe break criteria, electrical systems design
criteria were also in a state of development.
Before 1974, electrical system designs were
generally reviewed in accordance with the
guidelines provided in IEEE-279 (IEEE 1968
and IEEE 1971); however, significant variations
in interpretations of that document resulted in
substantial design differences in plants. In some
_ cases, true physical separation of wiring to
redundant components was not necessarily

Introduction

accomplished. In 1974, RG 1.75 (AEC 1974)
was published, clarifying the requirements.

1.2 NRC Staff Draft
Prioritization

Based on the information above and esti-
mated frequencies of occurrence in each step of
possible accident sequences that would result in
a reasonably conservative estimate of impact on
overall plant safety, the staff performed an initial
“draft” prioritization of this issue. However,
because of large uncertainties in certain parts of
the sequences being considered, the resulting
estimates also contzined very large uncertainties.
Particularly, these uncertainties concern the
probability of various types of pipe failures, and
the probabilities that these pipe failures would
cause subsequent failures (e.g., from pipe whip,
jet impingement) of important equipment or
structures. The NRC also determined that more
accurate estimates of the costs associated with
any potential improvements to reduce the CDF
would help establish 2 more well-defined priori-
tization. For this reason, the NRC decided that
additional research should be performed.
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2. PIPE BREAK FREQUENCY ESTIMATES

2.1 Review of Available Pipe
Degradation and Failure
Data

Several of the high-energy lines inside con-
tainments have apparently experienced no deg-
radation. However, some lines have experienced
cracking or wall thinning. In a few cases, sig-
nificant leaks have occurred, but no major
breaks that damaged critical equipment.
Instances of large, high-energy line pipe leaks
inside containments of U.S. nuclear power
- plants, the major degradation mechanisms at the
locations, and numbers of leaks in piping of
diameter greater than 51 mm (2 in.) are listed in
Table 2-1 (Shah et al. 1998, Poloski et al. 1999).

Extensive cracking has been found in most
BWR recirculation systems (133 by 1979, 319
by 1983, and more than 1,000 by 1990 have
been reported), although only a small percentage
actually developed into leaks. An estimated 6 to
8% of BWR susceptible pipe welds have experi-
enced cracking. The initial instances of leakage
were on smaller lines [less than 8 in. (203 mm)]
first reported at Dresden Unit 1 in 1965, and ata
safe end location in the Duane Amold plant in
1980. Later, in 1982, a slight leak occurred on a
28-in. (711-mm) safe end at Nine Mile Point
Unit 1 during a2 hydrotest, showing that larger
recirculation piping was also susceptible to leak-
age from intergranular stress corrosion cracking
(IGSCC). A few other through-wall cracks were

detected when repair efforts such as weld over-
lays were undertaken. None of the cracks that
have been detected in BWR feedwater nozzles
from thermal fatigue propagated through the
wall for a leak to occur. Both the recirculation
line and feedwater nozzle problems have been
the subject of NRC NUREGsS, Bulletins, Generic
Letters, and Information Notices (NRC 1980c,
1982c, 1984b and c, 1988a), and are being man-
aged by NRC and industry programs.

While many Westinghouse and 2 few Com-
bustion Engineering plant steam generator feed-
water nozzle-to-piping weld zones have experi-
enced cracking, actual failures (leaks) have been
relatively few: D. C. Cook Unit 2 (Westinghouse
PWR) in 1979, Maine Yankee (Combustion
Engineering PWR) in 1983, and Sequoyah
Unit1 (Westinghouse PWR) in- 1992. The
Maine Yankee incident was caused by a water
hammer and occurred at 2 location weakened by
fatigue cracking. Extensive erosion-corrosion
wall thinning of piping inside containment was
found on the Trojan plant (Westinghouse PWR),
but no leaks have occurred. A break in the
feedwater line at the inside of the containment
penetration occurred at the Indian Point plant
(Westinghouse PWR) in 1973. A major leak
developed and the penetration was damaged.
Leaks have developed in the makeup/high
pressure injection lines of two B&W plants, one
in the early 1980s and one in 1997. A safety
injection line developed a leak from thermal
fatigue at Farley Unit 2 (Westinghouse PWR) in

Table 2-1. Location, mechanism, and number of leaks in piping greater than 51 mm (2 in.) at US.
nuclear power plants inside containment.

Location Degradation mechanism Leaks
BWR recirculation piping Intergranular stress corrosion cracking (IGSCC) - 34
BWR feedwater nozzles Thermal fatigue 0
PWR fecdwater nozzles Thermal fatigue, water hammer, erosion-corrosion 3
PWR feecdwater piping Water hammer, erosion-corrosion 1
PWR makeup/high pressure injection Thermal fatigue 2
PWR safety injection piping Thermal fatigue 1
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Pipe Break Frequency Estimates

1988, after 6 years of operation. A similar leak

occurred at a Belgian plant. These instances of
degradation have been the subject of NRC
Bulletins and Information Notices (NRC 1979c,
1980c, 1984b, 1987b, 1989, 1991b, 1993), and
are being managed by industry and NRC
programs.

The degradation mechanisms that cgﬁsed the
small number of failures are being managed by

industry programs with NRC oversight. There-

fore, the present failure rates are expected to be
no higher than those that would be calculated
using the failures to date. Consequently, the
failure ‘probabilities used in recent PRAs are
relied on in Section 23 to give failure
probabilities. These appear consistent with the
failure data to date.

2.2 Leak-Before-Break Status
for SEP-lll Plants

Leak-before-break (LBB) technology was
approved by an amendment to GDC4 of
Appendix A to 10 CFR Part 50, and became
effective November 27, 1987. The technical
procedures and criteria for LBB are defined in
NUREG/CR-1061, Volume 3 (NRC 1984b).
The basic assumption is that if there is major
degradation in the pipe wall, a detectable leak
will develop for certain piping under certain
loads, and the plant can be shut down before a
catastrophic failure occurs.

Although the NRC has not approved LBB for
any BWR plants, all PWR SEP-III plants have
LBB approved for their main coolant loops.
These have been primarily connected with the
resolution of Unresolved Safety Issue A-2,
which dealt with asymmetric blowdown loads
resulting from double-ended pipe breaks. How-
ever, licensees may use LBB as justification for
the removal of primary loop supports such as
part of snubber reduction programs, and the
removal of pipe whip restraints and jet
impingement barriers. One SEP-II plant (Prairie
Island Unit 1) has had LBB approved for its
surge line. This was in conjunction with satis-
fying the requirements of Bulletin 88-11. The
LBB status of SEP-III plants as of 1995 is
summarized in Table 2-2. -

NUREG/CR-6395

In most cases, the NRC reviewed generic
requests and granted approvals for Westing-
house (Generic Letter 84-04; Eisenhut 1984),
Combustion Engineering (Richardson 1990),
and Babcock & Wilcox (Crutchfield 1985)
plants. Generic letter 84-04 also included the Ft.
Calhoun plant (Combustion Engineering design)
because Ft. Calhoun has stainless steel primary
coolant piping as do Westinghouse plants, rather
than carbon steel piping as do all other Combus-
tion Engineering plants. Not all Westinghouse
plants were included in Generic Letter 84-04.
Fifteen Westinghouse plants, of which 10 were
SEP-III plants, are listed in the Generic Letter.
Although Generic Letter 84-04 accepted the
technical basis for LBB, it stipulated that plants
still had to demonstrate that an adequate leak
detection system was operational, that is, that at
least one leakage detection system must be oper-
able with a sensitivity capable of detecting
1 gal/min (gpm) (3.8 /m) in 4 hr. The guidelines
for leak detection systems were published in
RG 1.45 (AEC 1973a). Edison’s letters (1988
and 1990) are examples of NRC approval of
licensee submittals for a leak detection system
that is sufficient to detect leakage from 2
postulated circumferential throughwall flaw
using RG 145 (with the exception that the
seismic qualification of the airborne particulate
radiation monitor is not necessary).

Cruatchfield’s letter (1985) is the NRC
generic response to 2 B&W Owners Group sub-
mittal, and Richardson’s letter (1990) is the
generic response to the Combustion Engmeermg
Owners Group. Although there were three main
generic approvals, some plants applied for and
were granted LBB individually (Edison 1987,
Brinkman 1989; Gamberoni 1992; Chan 1988;
Perkins 1988), because not all Westinghouse

" plants were included in Generic letter 84-04. For

Indian Point 3, the NRC stated (Varga 1986) that
the licensee had provided analyses satisfying the
requirements of the proposed rule for modifica-
tion of GDC-4 of Appendix A to 10CFR50, but
since the rule had not been issued (it was issued -
the following year), they took no action. The

- licensee considers that after the change to the

CFR in November 1987, the Varga letter (1986)
effectively approves LBB for Indian Point 3.



Table 2-2. Leak-before-break status of SEP-III plants (1995).

Pipe Break Frequency Estimates

Plant NSSS vendor System
Nine Mile Point-1 GE None
Robinson-2 Westinghouse RCS*
Point Beach-1/2 Westinghouse RCS?
Monticello GE None
Dresden-3 GE None
Pilgrim GE None
Quad Cities-1/2 GE None
Surry-1/2 Westinghouse RCS*
Turkey Point-3/4 Westinghouse RCS*
Oconee-1,2,3 B&W RCS®
Vermont Yankee GE None
Maine Yankee Combustion Engineering RCS®
Kewaunee Westinghouse RCS'
Fort Calhoun Combustion Engineering RCS®
Zion-1/2 Westinghouse RCS*
Browns Ferry-1/2 GE None
Indian Point-2/3 Westinghouse RCS (unit 2, unit 3%
Peach Bottom-2/3 GE None
Prairie Island-1/2 Westinghouse RCS," surge line (unit 1)*
Duane Amold GE None
Cooper. ‘GE None
Arkansas Nuclear One-1 B&W RCS®
Calvert Cliffs-1 Combustion Engineering RCSP
~ D.C. Cook-1 Westinghouse RCS*
Hatch-1 GE None
Fitzpatrick GE None
T™MI-1 B&W RCS*
Brunswick-2 GE None
Trojan Westinghouse RCSY
Millstone-2 Combustion Engineering RCS®
. Eisenhut, 1984 g Gamberoni, 1992
b. Richardson, 1990 h Dilanni, 1986
c. Crutchfield, 1985 i Edison, 1988
d. Edison, 1990 j- Chan, 1988
e Edison, 1987 k. Varga, 1986
f. Brinkman, 1989 | R Perkins, 1988
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Pipe Break Frequency Estimates

2.3 Estimation of Pipe Failure
Rates Applicable to SEP-III
Plants |

Most piping failure frequencies have been
based on the basic elemental method, that is,
simply dividing the number of failures by the
number of years of experience. Recently, the
Thomas method has gained some popularity in
estimating pipe failure frequencies. This method
takes into account some pipe parameters such as
thickness, length, and diameter. These data are
fed into a “black box,” which provides a failure
frequency. However, the “black box” is
designed based on mostly nonnuclear industry
experience and data. Although we know of no
pipe break frequencies for commercial nuclear
plant piping that were estimated using the
Thomas method (Thomas 1981), it has been
used for break frequencies in PRAs conducted
for Savannah River and INEEL (Advanced Test
Reactor) reactors. _ :

Most recent PRA reports base their failure
frequencies on previous PRAs, and the previous
PRAs mainly use three basic references:
WASH-1400 (NRC 1975), EPRI NP-438 (Basin
and Burns 1977), and PLG-0500 (Pickard,
Lowe, and Garrick, Inc. 1989). However, data
from other references also have been used in
PRAs (Oswald et al. 1989; Kolaczkowski et al.
1989). The PRA reports listed in Table 2-3 were
reviewed. The pipe failure frequency in the

Table 2-3. List of PRA reports reviewed.

Reactor
Plant Type

Beaver Vall'v PWR PLG-0500

Brunswick . BWR EGG-EA-5887 -

Callaway PWR WASH-1400

Comanche Peak PWR  PLG-0500

Diablo Canyon PWR PLG-0500

FiPatrick  BWR NUREG/CR-4550, Table 4.3-3

PRA basis

Limerick BWR EPRINP-438
Monticello BWR EPRINP-438
Hatch BWR EPRINP-438

Shoreham BWR EPRI NP-438

NUREG/CR-6395

WASH-1400 study was based on pipe segments,
that is, the section between welds. The failure
rates (section failure/hr) are based on nonnuclear
industry experience and do not consider failure
mechanisms. Several plant PRAs either simply
used the same failure. frequencies given in
WASH-1400 or adjusted the WASH-1400 fail-
ure rates based on plant layout. EPRI NP-438
was based on the experience of 55 nuclear plants
that were operational in 1977. It considered
approximately 250 years of nuclear power plant
operating experience covering a 16-year time-
frame, starting in August 1969.

The Lawrence Livermore National Labora-
tory evaluated the probability of pipe break
failures for PWR and BWR plants (LLNL 1981,
1984a, 1984b, 1985-86; Lo et al. 1989). The
failure frequency of a single weld was estimated
from a fatigue failure using the PRAISE com-
puter code. The study did not take into account
other failure mechanisms. Kafka and Adrian
(1989) estimated failure frequencies for large
piping based on a total of 4,000 years of reactor
experience. They also made another estimate
using the Biblis B (German) plant, considering
the failure frequency of the weld between the
pressure vessel nozzle and the hot leg pipe. The
analysis included structural modeling of the
entire PWR primary loop, 2 nonlinear soil
structure interaction model, and a detailed
investigation of the entire load history via sys-
tem analysis up to the estimation of an initial
crack distribution inherent in welds. The statisti-
cal and stochastic properties of all important
loading and material parameters were taken into
account, but the effect of IGSCC was ignored.
Jamali (1990) prepared a more recent study
using pipe failure data from operating U. S.
commercial power plants. The author reported
that the methodology accounts for factors that
are postulated to significantly affect the values
of the failure rates, for example, aging, and are
also quantifiable from the database.

Other sources reviewed, but from which no
pipe-break frequency information was found,
were NUREG-1061 (NRC 1984b), NUREG-
0313 Revision 2 (Hazleton and Koo 1988), and
Generic Letter 88-01 (NRC 1988a2).



The mean pipe-break frequency estimates
(events/yr) from the references reviewed are
listed in Tables 2-4 and 2-6 for PWR and BWR
plants, respectively. All values are mean except
for those based on WASH-1400, where they rep-
resent median values. The tables include
WASH-1400 (NRC 1975a), NUREG-1150, and
Poloski et al. (1999). The latter is a more recent
study which considered piping history through
1997. It recommended frequencies about an
order of magnitude below WASH-1400 and
NUREG-1150. The study is very recent and has
not received widespread review.

Many of the reports do not identify any
uncertainty bounds. For failure probabilities less
than 10” events/yr, the uncertainty bounds are
generally considered to be an order of magni-
tude. Uncertainty ranges from the sources that
included pipe break uncertainties are listed in
Tables 2-5 and 2-7 for PWR and BWR plants,
respectively. These include WASH-1400 (NRC
19752), NUREG-1150, and Poloski et al. (1999).

Estimates of mean secondary piping rupture
frequencies for PWR plants (events/yr) are listed
in Table 2-8. The failure frequency for the Cal-
laway plant was based on the ratio of the pipe
section lengths for that plant compared to the
section lengths assumed in WASH-1400.

Although the initial approach was to use the |

median values of the studies evaluated, it was

decided to .use initiating event values from-

NUREG-1150 since those values are the most
accepted and extensively used by the NRC.

Pipe Break Frequency Estimates

These failure frequencies are listed in Table 2-9.
There has been less failure information
generated for main steam and feedwater piping
than for reactor coolant systems. Based on the
limited data in Table 2-8, a mean failure
probability value of 3 x 10 events/yr is
estimated, which is about the same as for the
primary system large break frequency.
Therefore, the PWR large break failure
frequency will also be assumed for the large
secondary piping. Since there has been more
feedwater system degradation inside con-
tainment than main steam system degradation, it
is assumed that 80% of the frequency comes
from the feedwater system and 20% from the
main steam system.

Although the failure studies did not consider
the age of the piping, the failure probability is
undoubtedly a function of the pipe age, since
one of the major degradation mechanisms,
fatigue, accumulates with time. Shah et al
(1998, Figure 3.6b) show a statistically increas-
ing trend of leak events caused by thermal
fatigue with plant years of operation. Fatigue
degradation will be greatest for plants in the life
extension phase, presumably 40 to 60 years, for
which no nuclear plant failure data can be gen-
erated at this time. Another consideration is
replacement or repaired pipe. Recirculation lines
in all SEP-III BWR plants have been repaired or
replaced. We believe that the values chosen are
conservative. The mean probabilities are factors
of 5 and 10 greater than the values in the study
performed by Poloski et al. (1999) for BWR and
PWR RCS piping, respectively.

NUREG/CR-6395



Pipe Break Frequency Estimates

Table 2-4. Failure frequencies (events/yr) for PWR plant primary system piping.

Relative Pipe Size®

Very Large Large Medium Small Very Small Qther Source
2.7E-7 20E4  47E4  58E-3 — — Diablo Canyon PRA
- . - - — 1.2E-2 — Comanche Peak PRA
— 50E4  10E-3  1.0E-3 1.3E-2 — Callaway PRA
2.7E-7 20E4  47E4  5.6E-3 — — Beaver Valley PRA®
— — — 1.8E-2 — — Beaver Valley PRA®
— 1.0E4 — — — — Kafka and Adrian 1989
— —_ — — — 50E6  Kafka and Adrian 1989°
— 14E4  32E4  1.0E-3 — — Jamali 1990
— 3E4 8E4 3E-3 — — WASH-1400
— 5E4 1E-3 1E-3 — — NUREG-1150f

— 4E-6 3E-5 4E4 —

2. Very large break >> 6 in. (152 mm) (for example, reactor vessel)

Large break > 6 in. (152 mm)

Medium 4 < break S 6 in. (102 < break < 152 mm)
Small 2<break S 4 in. (51 <break < 102 mm)
Very small break < 2 in. (€ 51 mm)

Other single weld.

b. Isolatable portions.

¢. Non-isolatable portions.

d. Based on 4,000 plant years of experience.
¢. Based on large-diameter pipe for Biblis B.

Poloski et al. 1999

f. Analysis of Core Damage Frequency: Surry Unit | Internal Events, NUREG/CR-4550, Vql. 3,Rev. 1, Part I, Table 4-9.2,

page 4.9-4.
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Table 2-5. Failure frequency uncertainties (events/yr) for PWR plant primary system piping.

Pipe Break Probability
(events/yr)
Pipe size® Low Mean High Source
Very large 7.1E-9 2.7E-7 8.1E-7 Diablo Canyon PRA
Large 6.7E-6 2.0E4 5.7E4 Diablo Canyon PRA
' 5.0E-5 5.0E4 5.0E-3 Callaway PRA
1.2E-5 1.4E4 7.0E-4 Kafka and Adrian 1989
1E-5 3E4 1E-3 WASH-1400
'1.9E-5 5E4 1.9E-3 . NUREG-1150°
' 1E-7 4E-6 1E-5 Poloski et al. 1999
Medium 1.9E-5 47E4 1.4E-3 . Diablo Canyon PRA
1.0E4 1.0E-3 1.0E-2 Callaway PRA
2.8E-5 3.2E4 1.6E3 Kafka and Adrian 1989°
3E-S 8E-4 .3E-3 WASH-1400
3.8E-5 1E3 3.8E-3 NUREG-1150°
~ 1E-6 3E-5 ' 1E4 - Poloski et al. 1999
Small 1.1E4 5.8E-3 1.5E-2 Diablo Canyon PRA
1.0E4 1.0E-3 1.0E-2 Callaway PRA
8.3E-5 - 1.0E3 5.0E-3 ‘Kafka and Adrian 1989°
1E4 3E-3 1E-2 WASH-1400
3.8E-5 1E-3 3.8E-3 NUREG-1150°
1E4 4E4 - 1E-3 Poloski et al. 1999
a Verylarge break >> 6 in. (152 mm) (for example, reactor vessel)
Large break > 6 in. (152 mm) _
Medium 4 <break 56 in. (102 < break < 152 mm)
Small 2 <break <4 in. (5] < break < 102 mm)

b. Based on large-diameter pipe for Biblis B.

c. Analysis of Core Damage Frequency: Surry Unit I Internal Events, NUREG/CR-4550, Vol. 3, Rev. 1, Part 1, Table 4-9.2,
paged.94 : :
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Table 2-6. Failure frequencies (events/yr) for BWR piant piping.

Relative Pipe Size®
VeryLarge  Large  Medium __ Small  VerySmall __ Other Source
—_ 1.0E4 3.0E4 3.0E-3 3.0E-2 — FitzPatrick PRA
3.0E-7 7.0E4 3.0E-3 8.0E-3 —_ — Shoreham PRA®
—_ 7.0E-3 3.0E-2 2.0E-2 — — EPRI NP-438"
—_ 4.0E4 2.0E-3 1.0E-2 _ — Limerick PRA
— 7.0E-4 3.0E-3 8.0E-3 —_ _ Monticello PRA
— 2.6E4 7.6E-4 2.3E-3 — —_ Hatch PRA
1.8E-8 3.0E4 3.0E-3 3.0E-2 — — Brunswick PRA
—_ 3.0E4 2.8E4 1.8E-3 — — Jamali 1990 -
— —_ — —_ —_ 1.5E-10 Lo 1989%°
—_ 3E4 8E4 3E-3 —_ —_ WASH-1400
— 1E4 3E4 3E-3 — — NUREG-1150°
—_ 2E-5 3E-5 4E4 — —_ Poloski et al. 1999
2. Verylarge break >> 6 in. (152 mm) (for example, reactor vessel)
Large break > 6 in. (> 152 mm)
Medium 4 < break £ 6 in. (102 < break < 152 mm)
Small 2<break 4 in. (51 < break < 102 mm) -
Very small break € 2 in. (51 mm).
b. Large break >4 in. (> 102 mm)
Medium I <break <4 in. (25 < break < 102 mm)
Small break < 1 in. (25 mm).

¢. Single weld in recirculation bypass line.

d. Analysis of Core Domage Frequency: Peach Bottom Unit 2 Internal Events, NUREG/CR-4550, Vol. 4,Rev. 1, Part 1,
August 1989, Table 4.9-1, page 4.9-94.
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Table 2-7. Failure frequency uncertainties (events/yr) for BWR plant piping.

Pipe Break Probability
Pipe Size Low Mean High Source
Large 10E-5  1.0E-4  1.0E3 FitzPatrick PRA
2.5E-5  3.0E4 1.5E-3 Lo 1989°
1E-5 3E4 , 1E-3 WASH-1400
3.8E-6 1E-4 3.8E4 NUREG-1150°
9E-7 2E-5 9E-5 Poloski et al. 1999
Medium 3.0E-5 3.0E4 3.0E-3 FitzPatrick PRA
2.3E-5 2.8E4 14E3 Lo 1989
3E-5 8E-4 3E-3 WASH-1400
1.1E-5 ‘3E4 1.1IE3 NUREG-1150°
9E-7 3E-5 9E-5 ~ Poloski et al. 1999
Small 3.0E4 3.0E-3 3.0E-2 FitzPatrick PRA
1.5E4 1.8E-3 9.0E-3 Lo 1989°
1E-4 © 3E3 1E22 WASH-1400
1.1E-5 3E-3 1.1E-3 NUREG-1150°
1E4 4E4 1E-3 Poloski et al. 1999
a Large break > 6 in. (> 152 mm)
Medium 4 <break <6 in. (102 <break < 152 mm) -
Small 2 <break <4 in. (51 < break < 102 mm)

b. Single weld in recirculation bypass line.

¢. Analysis of Core Damage Frequency: Peach Bottom Unit 2 Imemal Even:s, NUREG/CR-4550, Vol. 4, Rev. 1, Part 1,
August 1989, Table 4.9-1, page 4.9-94.

Table 2-8. Failure frequencies (events/yr) for PWR plant secondary system piping inside containment.

Break Location
Steam Line Feedwater Line Source
4.6E-4 — Beaver Valley PRA
8.7E-5 23E5 Callaway PRA
4.6E4 — Diablo Canyon PRA
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Table 2-9. Failure frequency recommendations (events/yr) for piping inside containment
(low/mean‘high).

Break Size *
Break location Large Medium Small
PWR primary 1.9E-5/5E-4/1.9E-3  3.8E-5/1E-3/3.8E-3  3.8E-5/1E-3/3.8E-3
BWR 3.8E-6/1E-4/3.8E4  1.1E-5/3E4/1.1E-3  1.1E-5/3E-3/1.1E-3

PWR main steam and feedwater ~ Same as PWR primary break frequency (20% main steam system
contribution, and 80% feedwater system contribution).

a. Large break > 6 in. (152 mm)
Medium 4 <break £ 6 in. (102 < break < 152 mm)
Small 2 <break < 4 in. (51 < break < 102 mm). -
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3. REVIEW OF UPDATED FINAL SAFETY ANALYSIS REPORTS
AND RELATED SAFETY EVALUATION REPORTS

An important aspect of this research program
was to obtain information regarding the design

efforts made by plant licensees to mitigate the .

effects of postulated pipe breaks inside contain-
ment. Information was gathered for three groups
of plants. These are: the SEP-II plants (the 10
carliest SEP plants), the SEP-III plants, and
selected non-SEP plants of more recent licensing
vintage. Since the SEP-II plants were subjected
to a more recent (early 1980s) NRC evaluation
of inside containment pipe break design, any
information regarding additional analyses and/or
plant modifications that might have been
required would be useful for comparison to what
was done on the SEP-II plants. The more
recently licensed (non-SEP) plants were
reviewed since their pipe break designs had been
evaluated by the NRC with uniform acceptance
criteria in place. .

All of the review results are based on readily
available information. If 2 specific design provi-
sion or consideration was not addressed in a
document, our review could not comment on
that missing item. Because most of the design
documentation generated for the SEP-III. plants
was dated in the late 1960s and early 1970s,
access to these documents was not always easily
gained. Some documents were not obtained. In
the cases where we could not readily locate a
document [e.g., a Safety Evaluation Report
(SER) about a plant’s original Final Safety
Analysis Report (FSAR)], we pursued other
avenues in an effort to obtain at least minimal
input. When we faced significant information
gaps, our efforts included (although infre-
quently) telephone conversations with either the
licensee or the nuclear steam supply system
(NSSS) vendor to ask very specific questions.
Since the object of this project was to obtain
information that would enhance the prioritiza-
tion of GSI 156-6.1, the work scope did not
include wverification of design commitments or
the status of current plant evaluations regarding
pipe breaks inside containment. Qur reviews
were necessarily based on the information which
we could readily obtain.

15

The Giambusso and O’Leary letters specifi-
cally required the applicable BWR and PWR"
plants to perform pipe break evaluations for
high-energy piping outside contzinment. How-
ever, BWR Mark I plants are generally consid-
ered to have two containments, a primary and a
secondary containment. As applied to the BWR
Mark I plants, the primary contzinment is
defined as the drywell shell and torus while the
secondary containment is the reactor building
that encloses the drywell and other selected
equipment. Therefore, to ensure that this review
effort correctly addressed the proper BWR pip-
ing, we found it necessary to understand the
clear definition of “outside contzinment” as it
was intended by the Giambusso and O’Leary
letters and how it was applied to the SEP-III
BWR plants. Most of the NRC-generated SERs
or the licensee-generated Updated Final Safety
Analysis Reports (UFSARSs) reviewed provided
the necessary clarification. However, documen-
tation for three BWR units (Vermont Yankee
and Browns Ferry 1 and 2) lacked the proper
clarification. A scheduled plant visit (as dis-
cussed in Section 3.4 below) or a brief telephone
conversation provided the needed clarification
for these three units. As uniformly applied by all
of the SEP-II BWR plants, the Giambusso and
O’Leary letters required a pipe break evaluation
of the. piping outside of the primary contain-
ment. The result was that only moderate- and
high-energy piping inside the primary contain-
ment (drywell) had to be considered for this
task. _

Finally, an important aspect of the mitigation
of inside-containment pipe-break effects is the
functionality of the required safety-related
equipment. The project work scope did not-
include addressing the effects of pipe breaks at
specific locations or the survivability of specific
equipment when subjected to pipe whip or jet
impingement loading. However, information on
generic concerns such as post-pipe break envi-
ronment or flooding were addressed. The envi-
ronmental qualification of safety-related electri-
cal equipment for the SEP-IIl plants was
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Review

addressed by the NRC through IE
Bulletin 79-01B (NRC 1980a) for Class 1E
equipment and. Generic Letter 82-33 (NRC
1982a) for instrumentation to comply with RG
1.97 criteria (NRC 1980b). These two
documents required all applicable BWR and
PWR plants to provide the NRC with sufficient
documentation to justify the functionality of all
 systems required to mitigate the consequences of
inside containment pipe break. Once completed,
this NRC review process reaffirmed, within the
reasonable limits of backfitting, that each plant
has Class 1E equipment and instrumentation
capable of properly functioning in post-accident
conditions. Consideration of flooding effects
inside containment due to high-energy pipe
breaks or spray from high or moderate-energy
piping was also handled by the NRC in a generic
fashion for the SEP-III plants. The resolution of
Unresolved Safety Issue A-17 (NRC 1989)
included implementing Generic Letter 88-20
(NRC 1988b) that established the Individual
Plant Examination (IPE) process. These system
interaction concerns included an assessment of
internal flooding and other forms of water
intrusion, including spraying, dripping, and
splashing. Therefore, the proper completion of
the IPE review process should also reaffirm that
plant safety-related equipment is indeed capable
of performing their intended functions during

post-accident flooding conditions.
3.1 Review of SEP-ll UFSARs
and Related SERs

The NRC initiated the SEP in February 1977
to reconfirm and document the safety of older
operating nuclear plants' designs. The NRC
SEP-TI effort revisited the issue of pipe breaks
inside co- .ainment and their related effecis for
those ten older nuclear plants. The specific
SEP-II topics related to pipe breaks inside
contzinment were Topic II-4.C (internally
generated missiles) and Topic ITI-5.A (effects of
pipc break on structures, systems, and
components inside containment). The SEP-II
review also provided safety assessments
adequate for conversion of these plants’
provisional operating licenses to full-term
operating licenses.

NUREG/CR-6395

The reason we reviewed the SEP-II plants’
UFSARs and any related SERs was to under-
stand the changes that each plant was required to
make to adequately satisfy the NRC’s SEP-II
review. Although the SEP-II plants were
designed before the SEP-III plants, any required
changes made by the SEP-II plants might be

_ directly applicable to the SEP-III plants.

3.1.1 Information Gathering Process

The NRC’s Nuclear Document System
(NUDOCS) was used as one of the sources of
information to complete this task. NUDOCS
allows database searches to be made on docu-
ments received and issued by the NRC. Key
word or phrase searches, date searches, report
searches, and author searches can be performed.
An important limitation is that NUDOCS is
relatively complete only for docketed material
dating back to the 1979 or 1980 timeframe. It
does not necessarily contain documentation
dated early than 1980.

The searches for the UFSARs simply
involved locating the microfiche that contained
the initial UFSARs and their yearly updates. The
Idzho National Engineering and Environmental
Laboratory (INEEL) maintains 2 copy of the
NUDOCS microfiche files. Hard copies of all
UFSARs are not maintained at the INEEL. All
updates were located, from the initial 1982
UFSAR submittal to the latest available
microfiche update (typically the 1994 update).
Most of the UFSARs reviewed did not follow
the format of RG 1.70 (NRC 1978), but
duplicated the plant’s initial FSAR format. This
meant that information of interest could be
located virtually anywhere in the document,
which increased the time required for the review
effort.

Based on experience gained from reviewing
an initial sample set of UFSARs, we decided to
limit the review of SEP-II UFSARs to 2 small
sample to first confirm whether they could be
expected to provide any significant information
relevant to GSI 156-6.1. Two of the ten SEP-II
UFSARs were reviewed. As expected, these two
UFSARs contained very little substance.
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. Table 3-1 shows the pertinent information
obtained from this review effort.

3.1.2 Results From IPSAR NUREGs

The SEP-II UFSARs referenced the Inte-
grated Plant Safety Assessment Report (IPSAR)
NUREGs (NRC 1982b; NRC 1983a through
1983g; NRC 1984a; and NRC 1986) that spe-
cifically dealt with the NRC’s entire SEP-II
review. These NUREGS referenced and summa-
rized both the licensee’s submittals and the
NRC’s evaluations. Additional NUDOCS
searches located many of the SERs referenced in
the IPSAR NUREGs; however, most did not
contain any substantial information beyond that
contained in the NUREGs.

Table 3-2 summarizes the results obtained
from the IPSAR NUREGs for SEP-II

Topics I4.C and II-5.A. All of the SEP-I

plants were required to perform some form of
engineering evaluation in order to satisfactorily
address each topic and demonstrate adequate
safety to the NRC staff. A typical evaluation
consisted of (1) defining a pipe break location,
(2) determining the consequences resulting from
pipe whip, jet spray, impingement, or other
related pipe break effects, and (3) determining if
the plant operators could still bring the plant to 2
safe operating condition using alternate systems,
redundant systems, or other means. As a result
of these pipe break effects reviews, two SEP-II
plants (Yankee Rowe and Haddam Neck) were
required to make inspection changes, one plant
~ (Palisades) was required to make Technical
Specification changes, two plants (Yankee Rowe
and LaCrosse) were required to make procedural
changes, and six SEP-II plants (Yankee Rowe,
LaCrosse, Oyster Creek, Ginna, Haddam Neck,
and Palisades) were required to make physical
modifications. Table 3-3 provides additional
specific information on the - plant changes
resulting from the SEP-II review.

The Haddam Neck plant provided unique
information regarding the resolution of concerns
over pipe breaks inside containment. The Had-
dam Neck licensee committed (Wang 1993) to
several physical modifications to improve the
reliability of the auxiliary feedwater system and
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decrease the reliance on feed-and-bleed. The
unique perspective to these modifications is that
all of these changes were made outside
containment. The modifications consisted of
(1) installing a2 new motor-driven auxiliary
feedwater pump (in addition to the existing
steam-driven turbine pumps) outside the turbine
pump enclosure, powered by emergency onsite
(diesel bus) power, (2) adding more auxiliary
feedwater piping that discharges from the motor-
driven pump and connects to the existing
auxiliary feedwater piping in the turbine pump
enclosure, (3) dedicating the demineralized
water storage tank to the auxiliary feedwater
system, and (4) housing the electric auxiliary
feedwater pump, the automatic initiation support
skids, and some of the additional auxiliary
feedwater piping and valves in a new seismically
designed enclosure.

We need to clarify that the NRC required the
SEP-II plants to evaluate the effects of internally
generated missiles both inside and outside
contzinment (Topic II-4.C). Two of the SEP-II
plants (Ginna and Haddam Neck) had
Topic IM-4.C addressed specifically in their
IPSAR NUREGs. Only Ginna had a modifica-
tion requirement (inside containment) resulting
from this SEP-TI topic. The remainder of the

~ SEP-II plants.were evaluated and no changes

were required. Each of the NUREGS referenced
NRC letters dealing with the evaluation of
Topic TU-4.C.

The SEP-TI issue of pipe breaks inside con-
tainment for San Onofre Nuclear Generating
Station, Unit 1 (SONGS 1) was never fully
resolved because the decision to shut down
SONGS 1 was made before the final evaluation
was due. NUREG-1443 (NRC 1991a) indicates
that the licensee was to respond to Topic III-5.A
prior to refueling outage 12; however, that out-
age was never reached duc to the decision to
decommission SONGS 1.

3.1.3 Conclusions

During the course of the SEP, a large number

- of structures, systems, and components were

evaluated for the effects of pipe break and inter-
nal missile generation inside containment.

NUREG/CR-6395
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addressed by the NRC through IE
Bulletin 79-01B (NRC 1980a) for Class 1E
equipment and Generic Letter 82-33 (NRC
1982a) for instrumentation to comply with RG
1.97 cnteria (NRC . 1980b). These two
documents required all applicable BWR and
PWR plants to provide the NRC with sufficient
documentation to justify the functionality of all
systems required to mitigate the consequences of

inside containment pipe break. Once completed,

this NRC review process reaffirmed, within the
reasonable limits of backfitting, that each plant
has Class 1E equipment and instrumentation
capable of properly functioning in post-accident
conditions. Consideration of flooding effects
inside containment due to high-energy pipe
breaks or spray from high or moderate-energy
piping was also handled by the NRC in a generic
fashion for the SEP-III plants. The resolution of
Unresolved Safety Issue A-17 (NRC 1989)
included implementing Generic Letter 88-20
(NRC 1988b) that established the Individual
Plant Examination (IPE) process. These system
interaction concerns included an assessment of
internal flooding and other forms of water
intrusion, including spraying, dripping, and
splashing. Therefore, the proper completion of
the IPE review process should also reaffirm that
plant safety-related equipment is indeed capable
of performing their intended functions durmg

post-accident flooding conditions.
3.1 Review of SEP-ll UFSARs
and Related SERs

The NRC initiated the SEP in February 1977
to reconfirm and document the safety of older

operating nuclear plants' designs. The NRC ,

SEP-II effort revisited the issue of pipe breaks
inside containment and their related effects for
those ten older nuclear plants. The specific
SEP-II topics related to pipe breaks inside
containment were Topic M4.C (internally
generated missiles) and Topic ITI-5.A (effects of
pipe break on structures, systems, and
components inside containment). The SEP-II
review also provided safety assessments
adequate for conversion of these plants’
provisional operating licenses to full-term
operating licenses.

NUREG/CR-6395

The reason we reviewed the SEP-II plants’
UFSARs and any related SERs was to under-
stand the changes that each plant was required to
make to adequately satisfy the NRC’s SEP-II
review. Although the SEP- plants were
designed before the SEP-III plants, any required
changes made by the SEP-II plants might be
directly applicable to the SEP-III plants.

3.1.1 Information Gathering Process

The NRC’s Nuclear Document System
(NUDOCS) was used as one of the sources of
information to complete this task. NUDOCS
allows database searches to be made on docu-
ments received and issued by the NRC. Key
word or phrase searches, date searches, report
searches, and author searches can be performed.
An important limitation is that NUDOCS is
relatively complete only for docketed material
dating back to the 1979 or 1980 timeframe. It
does not necessarily contain documentation
dated early than 1980.

The searches for the UFSARs simply
involved locating the microfiche that contained
the initial UFSARs and their yearly updates. The
Idaho National Engineering and Environmental
Laboratory (INEEL) maintains 2 copy of the
NUDOCS microfiche files. Hard copies of all
UFSARs are not maintained at the INEEL. All
update; were located, from the initial 1982
UFSAR submittal to the latest available
microfiche update (typically the 1994 update).

- Most of the UFSARs reviewed did not follow

the format of RG 1.70 (NRC 1978), but
duplicated the plant’s initial FSAR format. This
meant that information of interest could be
located virtually anywhere in the document,
which increased the time required for the review
effort.

Based on experience gained from reviewing
an initial sample sct of UFSARs, we decided to
limit the review of SEP-I UFSARs to a small
sample to first confirm whether they could be
expected to provide any significant information
relevant to GSI 156-6.1. Two of the ten SEP-II
UFSARSs were reviewed. As expected, these two
UFSARs contained very little substance.
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Table 3-1 shows the pertinent information
obtained from this review effort.

3.1.2 Results From IPSAR NUREGs

The SEP-II UFSARs referenced the Inte-
grated Plant Safety Assessment Report (IPSAR)
NUREGs (NRC 1982b; NRC 1983a through
1983g; NRC 1984a; and NRC 1986) that spe-
cifically dealt with the NRC’s entire SEP-II
review. These NUREGS referenced and summa-
rized both the licensee’s submittals and the
NRC’s evaluations. Additional NUDOCS

searches located many of the SERs referenced in

the IPSAR NUREGs; however, most did not
contain any substantial information beyond that
contained in the NUREGs.

Table 3-2 summarizes the results obtained
from the IPSAR NUREGs for SEP-1I
Topics I4.C and III-5.A. All of the SEP-II
plants were required to perform some form of
engineering evaluation in order to satisfactorily
address each topic and demonstrate adequate
safety to the NRC staff. A typical evaluation
consisted of (1) defining a pipe break location,
(2) determining the consequences resulting from
pipe whip, jet spray, impingement, or other
related pipe break effects, and (3) determining if
the plant operators could still bring the plant to a
safe operating condition using alternate systems,
redundant systems, or other means. As a result
of these pipe break effects reviews, two SEP-II
plants (Yankee Rowe and Haddam Neck) were
required to make inspection changes, one plant

(Palisades) was required to make Technical -

Specification changes, two plants (Yankee Rowe
and LaCrossc) were required to make procedural
changes, and six SEP-II plants (Yankee Rowe,
LaCrosse, Oyster Creck, Ginna, Haddam Neck,
~ and Palisades) were required to make physical
modifications. Teble 3-3 provides additional
specific information on the plant changes
resulting from the SEP-II review.

The Haddam Neck plant provided unique
information regarding the resolution of concerns
over pipe breaks inside containment. The Had-
dam Neck licensee committed (Wang 1993) to

several physical modifications to improve the -

reliability of the auxiliary feedwater system and
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. decrease the reliance on feed-and-bleed. The

unique perspective to these modifications is that
all of these changes were made outside
containment. The modifications consisted of
(1) installing a new motor-driven auxiliary
feedwater pump (in addition to the existing
steam-driven turbine pumps) outside the turbine
pump enclosure, powered by emergency onsite
(diesel bus) power, (2) adding more auxiliary
feedwater piping that discharges from the motor-
driven pump and connects to the existing
auxiliary feedwater piping in the turbine pump
enclosure, (3) dedicating the demineralized
water storage tank to the auxiliary feedwater
system, and (4) housing the electric auxiliary
feedwater pump, the automatic initiation support
skids, and some of the additional auxiliary
feedwater piping and valves in a new seismically
designed enclosure. :

We need to clarify that the NRC required the
SEP-II plants to evaluate the effects of internally
generated missiles both inside and outside
containment (Topic MI-4.C). Two of the SEP-II
plants (Ginna and Haddam Neck) had
Topic OI-4.C addressed specifically in their
IPSAR NUREGs. Only Ginna had a modifica-
tion requirement (inside containment) resulting
from this SEP-II topic. The remainder of the
SEP-II plants were evaluated and no changes
were required. Each of the NUREGs referenced
NRC letters dealing with the evaluation of
Topic III4.C.

The SEP-II issue of pipe breaks inside con-
tainment for San Onofre Nuclear Generating
Station, Unit 1 (SONGS 1) was never fully
resolved because the decision to shut down
SONGS 1 was made before the final evaluation
was due. NUKEG-1443 (NRC 19912) indicates
that the licensee was to respond to Topic III-5.A
prior to refueling outage 12; however, that out-
age was never reached due to the decision to
decommission SONGS 1.

3.4.3 Conclusions

During the course of the SEP, a large number
of structures, systems, and components were
evaluated for the effects of pipe break and inter-
nal missile generation inside containment.

NUREG/CR-6395
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Table 3-1. Review results from search of SEP-II plant UFSARSs.

Environmental Qualification Electrical and

Pipe Rupture Consideration Instrumentation Separation
Missile/Jet o UFSAR
Protection : UFSAR Commitment UFSAR Commitment Commitment
: Specific  Physical SRP Other 1EEE IEEE IEEE : Other
Pipe Rupture Locations Plant RG 3.6.1 Plant 279 279 323 RG Plant RG  Other Plant

PlantName Considered Considered Identified Protection 1.46 3.6.2 Specific 1968 1971 1974 189 Specific 1.75 .Speciﬁc
Palisades  Yes Yes No Yes® X X X* X X
R.E.Ginna Yes*' Yes No Yes* X x* x X

Notes:

* All SEP-11 plants had to satisfy the NRC regarding RG 1.97 (or the intent of it via GI. 82-33) and had to satisfactorily respond to I1E-79-018.

2. Missiles only from primary coolent loop mentioned.

b. UFSAR indicates that no modifications were necessary but existing structures, barricrs, of restraints had to be utilized.

¢. Some recent upgrades per these later criteria.

d. Based on information provided in the UFSAR, some systems were apparently not considered as missile sources (main stcam, fecdwater, etc.). Also, not enough discussion was presented to assure the

reader that all potential missile targets had been considered, cspecially instrumentation and electrical items.

¢. Minimal mention of jet spray effects (found only for pressutizer surge linc;.

f. No mention located in UFSAR regarding effects of inside containment modcrate-energy piping through-wall Ie;kage.

8. .oop compartment barriers exis!
not all removed via Generic Letter 87-11.

h. Reviewed to determine if intent satisfied. (For R. E. Ginna, IEEE 323-1971 and IEEE 344-1971 addquscd).

1 for missile effects. Unclear if pipe whip restraints and jet impingement shiclds installed for arbitrary intermediate pipe breaks were only ones and if they were or were

i. Mentioned under cables.

MY
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Table 3-2. Review results from IPSAR NUREGs for SEP-II plant evaluations.

Changes Resulting from SEP-II Evaluation

Additional Inspection  Procedural  Physical  Tech Spec

Plant Name Type NUREG Number Evaluations Changes Changes Mods Changes

Palisades PWR 0820 - X X X
CE 2-Loop and Supplement 1

R. E. Ginna PWR 0821 X X
W 2-Loop . and Supplement 1 ‘

Oyster Creek ~ BWR-2 0822 X X
Mk 1 and Supplement 1

Dresden 2 BWR-3 = 0823 X
Mk 1 and Supplement 1

Milistone 1 BWR-3 0824 X
Mk 1 and Supplement 1

Yankee Rowe PWR 0825 X : X X X
W 4-Loop  and Supplement 1

Haddam Neck PWR 0826 and NRC letter X X _ X
W4-Loop  (Accession 9304200321) ‘

LaCrosse BWR 0827 X X X
pre-Mk 1 and Supplement 1

Big Rock Point , BWR-1 0828 X
pre-MkI |

SONGS 1 PWR 0829 and 1443 X
W 3-Loop .

Notes:

CE - Combustion Engineering was the NSSS supplier

w - Westihghouse was the NSSS supplier

MKI - <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>